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ABSTRACT 

Presented is a study of energy conservation 
opportunities in a Rhode Island high school. With the aid of an 
infrared camera system, researchers documented heat losses that were 
not evident to the naked eye. Each infrared thermogram obtained 
shewed one or more types of heat loss and identified the specific 
sections of the building where the problems occurred. Results 
demonstrated thermographic inspection to be an effective analytical 
technique for appraising a building's thermal efficiency. These 
analyses of heat loss, together with concurrent studies of the 
facility's heating system and roof moisture, are presented in this 
report and form the basis for energy conservation recommendations. 
Offered are low, moderate, and high cost options for reducing heating 
costs. (Authcr/WB) 
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FOREWORD 



/Mrirt^™^ ^" ^^^^ report, produced by the New England Innovation 
Group (NEIG), IS the result of a cooperative effort between NEIG, the Federal 
Laboratory Consortium, and local government. This study is part of an onqoinq 
energy conservation technical assistance program designed and managed by NEIG 
to aid local governments and school districts in reducing heating costs and 
conserving energy. It will enable school and local government officials to 
get financial assistance for energy conservation measures provided by Title III 
of the recently passed National Energy Conservation Policy Act. This Act cre- 
ates a cost-sharing energy-conservation grants program for schools, hospitals, 
units of local government, and public care institutions to assist them in ir^en- 
tification and implementation of energy conservation measures to reduce energy 
usage and anticipated energy costs. 

The type of technical assistance program conducted in Pawtucket, Rhode 
Island IS unique and innovative. It involves the use of an" analytical technique 
infrared thermography - to pinpoint excessive heat loss from buildings in-order 
to permit an accurate appraisal of the type and extent of retrofit required to 
reduce heating costs. 

An innovation of this magnitude can be delivered to local governments and 
school districts only through intense cooperation between NEIG and the Federal 
Laboratory Consortium. Even more important is the source and extent of funding 
necessary. to. promote this intergovernmental program; therefore, recognition of 
the National Science Foundation and the Department of Commerce in their roles 
as "prime movers" of teclinology is important. 

The results of this study will benefit the private sector since NEIG has 
been a leader in promoting the commercialization of infrared thermography for 
use in energy audits of buildings. The demand for competent cost-effective 
energy management services affords many new jobs and business opportunities. 
Individuals interested in becoming involved in this emerging new industry can 
contact NEIG tor assistance. 
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INTRODUCTION 



The purpose of this study was to identify cost effective energy conser- 
vation opportunities in a high school located in Pawtucket, Rhode Island. 
The results of this study will assist school officials in developing budgetary 
priorities in their attempt to reduce operating costs. 

The thermographic energy audit is an innovative and unique approach to 
the study of heat loss from buildings. It is an indispensable analytical 
technique used in conjunction with a class-A walk-through audit to locate and 
document heat loss that i<; not evident to the human eye. This permits the 
assignment of priority lo the various retrofit processes. Prior to any retro- 
fit, a thermographic energy audit is conducted with the aid of an infrared 
camera system, A thermographic inspection is also used after a retrofit to 
confirm the quality of the retrofit process to ensure that dollars are prop- 
erly spent to reduce operating costs. 

Heat loss from the Charles ..E. Shea High School is documented in thermo- 
grams in this report. The thermograms were analyzed in order to acquire com- 
plete knowledge of the locations of all heat losses from thiSs building complex. 
This information provides the building operators with extremely accurate data 
as input to their energy conservation program. 

The therniograms in this report were taken outside the- building after sun- 
set unless othervnse noted. In all t'lese thermograms ♦ white represents high 
building surface temperatures, or excess heat loss. Gray anr* black represent 
low building surface temperatures^ or normal heat loss. Some thermograms 
were taken inside the school. In some of these thermograms black and gray 
represent excess heat loss, and white signifies norm-il heat loss. 

Each therr.iogram shov/s one or more of the types of heat loss considered 
in this study: infiltration, exfiltration, conduction, convection, and 
radiation^ Each shows a specific section of the building in terms of the 
four cardinal points of the compass. 

Based on the evidence from the thermographic energy audit, the heating 
system of the building is analyzed and reconwendations for reducing heating 
costs are made. 
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MANAGEMENT SUMMARY 



RecoiDmendations 

Low Cost Options. 

1- Reduce the air temperature in the swimming pool area to 700F when 
the pool is not in use. 

2. Close vestibule doors during the heating season. 

3- Avoid further replacement of the double-hurg windows. 

Moderate Cost Options. 

4. Install turbulators in the boiler fire tubes. 

5. Repuir steam distribution equipment. 

6. Install automatic temperature control valves on radiators. 
Install night and weekend temperature set back. 

8. Install an optimum heat starter. 

9. Connect cafeteria unit ventilators to the master control system. 
High Cost Options. 

10- Retrofit the classroom unit ventilators to (a) automatically 
provide controlled heating and ventilating and (b) include an 
economy cycle to conserve energy. 

11. Replace the three existing burners with cleaner burning, more 
efficient, forced draft burners. 
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Conclusions 



A thermographic inspection is a highly effective analytical technique 
for appraising the relative thermal efficiency of buildinas. For example, 
with this technique detailed evaluation and documentation'of air leakage 
around the crack lengths of 13 percent of the original windows indicated 
that this leakage is no greater than the leakage oround the newer windows, 
ihis analysis, combined with calculations of the heat conduction through 
the glass, led to the conclusion that further replacement of the original 
windows is not cost effective. unyumi 

During the thermographic inspection and several subsequent visits to the 
school the following deficiencies with the heating system were identified 
which contribute to unnecessary fuel consumption and to the discomfort of 
the students and staff of the school: (a) the classroom unit ventilators 
are not capable of operating as designed; (b) there is r-.o means to auto- 
matically control the individual steam radiators in the classrooms, 
auditorium, gymnasium, hallways, stairways, and offices: (c) the rotary 
cup oil burners are not as efficient and clean burning as the newer air 
atomized burners .available today; and.(d) the steam distribution system 
IS in need of repair. 

It cannot be emphasized too strjngly that energy management should be an 
ongoing effort. Adequate record keeping, including heating consumption 
and degree-day data as well as fuel unit cost should be an i-portant 
part of any energy management program. 
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HEAT LOSS APPRAISAL 
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ANALYSIS 



Building Construction CharacteristiVc. 



Exterior construction: concrete/face brick 
Interior construction: brick/concrete/pl aster 
Wall thickness: 16 inches 
Heated floor space, ft*^: 116,937 



Ceil inqs 

Classrooms 
Multipurpose rooms 
Corridors 

Exterior walls, ft^ 

Below ground 
Abovc ground 

W indows, ft^ 

Classrooms 
Multipurpose rooms 
Corridors 

Crack length, ft 

Moveable 
Fixed 

Thermographically 
inspected 

Thermographically 
inspected, % 

Air leakage factor 
Min = minimal 
Mod = moderate 
Exc = excessive 



Average height, ft 
10 
30 
10 



North 



1,230 
6,400 



1,854 
975 



1,935 
12 



194 



10 
Mod 



South 



1.280 
6,400 



1,872 
975 



1,953 
12 



138 



Mod 



Area, ft^ 
75,321 
16,652 
24,954 



East 



2,473 
9 

246 



1,190 
1,630 



325 

12 

Exc 



West 



3,230 6.6tu 
16,150 26,550 



1,770 

72 
204 



1,764 
136 



438 

23 
Min 



Total 



12,470 
55,600 



7,974 
2,031 
450 



6,842 
1,790 



1,095 
13 
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North 


South 


E.tst 


West 


TotaJ_ 




21 


21 


147 


147 


336 


ft 


20 


20 


140 


140 


320 



Doors t ft^ 



Thenrographically 

(not inspected) 

Thermograph! cal ly 

inspected, % . _ ^ 

Air leakage factor 
Roof 

Area, ft^: 37,131 
Surface: tar and gravel 
Deck: precast concrete planks 

constructed in 1940 ha<; a I ? /00-1930 hours. This school, 

Purpose .„„s? nr'"p'.?r!;:pj?o^;?;°;e;; '^sir^- 

indtcaJeS fhlt'JhreJc'e^Jlv^'JLT;:"? -"-through ,„,pcct,o„ 

consumption All of f,, secondary csuse of excessive fuel 

the second ^nd i^d f o Ss o ?e nor"JJ' ^^"^ed on 

ing (thernogra-.;9, and uJfif A tn^f ' "''l/'"^ ^ides of the buila- 

ators were identified. " ^unctioninq unit vPntil- 

excess of ^iff aTm't'S:'^ the' Hspea'iir'"'^"' ''^ '^•'^^^ '''' ^^'^ '^ 
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The compsrlson of air leakage around selected windows on the east side 
of the building with the leakage around selected windows on the north, south 
and west sides was one of the most significant results of the thermographic ' 
inspection. The classroom and office windows on the east side of the build- 
ing are newer windows with aluminum frames, glass blocks <n the top 67 per- 
cent or the frames, with approximately 30 percent of the amount of single 
panea glass that is found in each of the wood frame double-hunn classroom 
windows. A comparison of thermograms 1-9 shows that the air leakage around 
the original double-hung windows is no greater than the leakage around the 
iiewer windows. 

Twelve percent of the total crack length of the newer windows, or 325 
linear feet, was randomly selected for thermographic inspection; 13 percent 
rLJJmi crack lengths of the original windows, or 770 linear feet, was 

randomly selected for inspection. 

The fact that the air leakage around the newer windows is no greater 
than that around the original windows means that any reduction in heat loss 
through the newer windows will have to be made in the heat conduction through 
the frame, the single paned glass, and the glass blocks. A comparison of the 
total loss of each of the two types of windows indicates that the difference 
IS marginal at best. These calculations show that the newer windows reduce 
the fuel consumption by less than one gallon of oil per day when- the differ- 
ence in air temperature between inside and outside is approximately 700F 
This reduction translates into an annual savings of less than $500, based 
on the current cost of #4 fuel oil. Obviously, the magnitude of this saving 
would result in an abnormally long payback period. 

Figure 1 shows a plot of the fuel oil consumption of Shea High School 
^^'"^/k^ past 5 years. Between July 1975 and July 1976 consumption was 
reduced by about 16 percent; however, the following year it increased by more 
than 13 percent with only a sriall reduction (1 percent) in 1978. 

According -o National Weather Service (NWS) data the number of heating 
iifulu J^ly 1975 and July 1976 increased by more than 17 percent. 

Although historically the NWS heating degree days data have been used quite 
tjxtensively, NEIG has been studying the use of heating degree day data 
derived by the DeBlois Oil Company from the Johnson Meter. This cevice yields 
a measurement of heating degree days that takes wind and solar radiation into 
consideration. Analysis of these data shows no significant change in the 
HpnJfl °J ^eaung degree days between 1975 and 1976, although the number of 
degree ddys is about 25 percent higher than reported by the NWS. 

Figure 2 shows a steady decrease in electrical consumption at the Shea 
Hign School during the 1975-78 period. This 22 percent decrease has resulted 
in a 21 percent decrease in cost. 
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Figure 1, Fuel Oil Consumption, 1973-78 
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Figure 2. Electric Consumption, 1975-78 
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volume 
shows that 



Although attempts have been made at Shea HTgh School to reduce the 
ie Of the air changes and to achieve temperature setbacks, Figure 1 

.....e JuU ?q?6 ?h«"H]^.-°"?rP^'"°" °r ^ P^'"""^ been achievec 
July 1976. The difficulty encountered in further reducing consumo- 
tion IS undoubtedly due to the problem of controlling [he tempe?atu?e a 
problem caused in part by the malfunctioning of the Snit ven?ilI?o?s 
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Heat Loss Due To Air Leakage 



North Face 

l.-2^ Around sill of double-hung window in science roo 



South Face 

3. Around rails of third floor windows 



East Face 

4.-5. Around sill of window with glass blocks 

6. Around top of first and second floor windows with glass blocks 

7. Around top of second and third floor windows with glass blocks 



West Face 

3. Around double-hung classroom window 
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He at Loss Through Open Vent(s) 
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North Face 

9. Malfunctioning third floor unit ventilators 



South Face 

10. Vent for swimming pool 



East Face 



11. Malfunctioning third floor unit ventilator 
i^. Malfunctioning second floor unit ventilator 



West Face 



1- 1^ M^^I""'^^!°"i"9 second and third floor unit ventilators 
l-r.-lS. Malfunctioning third floor unit ventilator 
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Potential Heating System Problems 



North Face 



16. Excess heat loss due to overheating of auditorium after 
normal school hours cuter 



South Face 

17. Excess heat loss due to overheating of auditorium after 
normal school hours ^^num diter 



East Face 

18.-19. Excess heat loss from overheated room 



West Face 

20.-21. Excess heat loss from overheated hallways after nornal 
school hours 
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15 
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RECOMMENDATIONS 



area Is^efn^g^'ols^froSe'rhr^JeVJ^^n'' inspections Indicated that this 
be given to I le^ili^^t:^^^-^^^',^^^:^ 

Closej^estibt^ during the he.t 

doorsl''Se^^^^';S%'n';r'-n^"p."^ Inspections the vestibule 

defeats the pu?po^:";«^5b^^ral atal? ''^''^'^'^ 

aroun;Vo%Tg1n^^r:^^^^^^^^^^ theaiMea.a«e 
an abnorSalii; long payEacI; perL " '"'^'''^^ 
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HEATING SYSTEM APPRAISAL 
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ANALYSIS 



boile^^n^^'?i?L'^y'5a;^-SR''!^^"^•'■' 5'^'!' '''''' Fitzgibbons fire tube 
rate of 1? tn o.^i^ ^ '""^^'"^ "^"P burners with a firing 

K on system Sed ?nJo f^v'.'S-'' '"'^ '"^^ '^^'^ ^^^^^ ^isTrl 

sium/audSiu:: aJd"sw?,ni?n' P f ^ft'e^tilaSo^' ^ovJSS'h"^^ ^^^"^ 
classroom, and an additional radiator is ns^a?lpl ?n oLh " ^^'^ ""'^^ 

o.aveiis. corridors, offices, and auxiliary spaces in the building 

A. Classrooms 

The unit ventilators in the classrooms which mix fresh air and he;,ted 
air for ventilation and automatically control the room te™e?IEure are no? 
operating The air dampers are permanently closed, the Sper noLrs a?e -"^ 
disconnected.. and the thermostats (1933 vintage) a^e no lonSe? fSncTioninc' 
The condition of this heating equipment compels the students and ?eacSers to 
regulate the room temperature by manually turning the fan motdrron and of? 
or simply opening windows to expel exoensive heated air' 'Durinq ?Se ?hf.?mo 
o'S'j^of-J^^Ji?" J^'r-p, -0- were overheated ..The "Joon Ee^ e?au'res' In 
Tpoin ,j h to SO F at 6 PM. 3 hours after school was dismissed The rfldi.Tfnr<: 

B. Gymnasium/Auditorium 

fho is difficult to control the temperature in these two SDaces bPra„^P 



Preceding page blank 

23 



C. Cafeteria 



Although two fully controllable unit ventilators serve the cafet'=^ria 
these units are manually turned on and off from the custodians office! 



D. Corridors 



During the thermographic inspection, the temperatures in the corridors 
were above 700F at 6 PM. The radiator in the stairwell was heating when no 
^" session. As is the case in the classrooms the radiators in 
the hallways cannot be shut down either because the valves are missing or 
because the valves vyere never installed in the first place. _ ^ - " 



E, Boilers ^' 

The boiler rooni'is^ell maintained and the operating routines indicate 
that thefire tubes are cleaned at least two times each year. From the 
appearance of the boiler roo..i, one would conclude that the staff is making a 
great effort to maintain the equipment within their resources. At the pres- 
ent time, one bciler is out of service awaiting repairs. 

F. Oil Burners 

According to modern standards of performsnce, the rotary cup oil burners 
on the boiler are considered less efficient and more polluting thar air 
atomized burners now being manufactured. Also, replacement parts for rotary 
cup oil burners are becoming exceedingly difficult to obtain. 

G- Steam Distribution System 

The steam distribution system includes the condensate return pumps, 
radiators, traps, valves, and piping. The piping appears to be in good con- 
dition, but there are problems with the condensate pumps and valves: (a) the 
valves on the steam returns fail to hold the condensate, which makes it 
impossible to Isolate a boiler not in use; (b) the zone valves are bypassing 
steam, so the individual heating zones cannot be isolated when heat is not 
required; and (c) the condensate pumps leak and are in need of repair. 

H- Steam Control System 

The control of the steam system has been reduced to a manual function 
over the years, except that the burners are automatically controlled by 
pressurestats. The temperature of the building is controlled by the boiler 
operator. At one time a Variac temperature control system positioned the 
four zone valves according to the heating requirerrents of the building; how- 
ever, these valves and controls were disconnected many years ago. 
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RECOMT-IENDATIO.'iS 



cnc neating ^oil, and (c) the return alr danner is odcn and Hrcnlatoi 
rooj a.r throucn the heatina coil. Khcn the roon tSraurl ls samfi.d 

posicion, and (c) the radiator valve closes. 

.HHi Jnn!i ^" oversinplification of the econony cycle and 

T^p n^ '"P? '"'^ controls are necessary to deliver optW Jesuits 
The economy cycle saves eneroy because when heatim is necessary no rnin 

IVr ^wh ch"s^;Je JSL'"^^'^""^- cycle-on^"'p|?rjve he" ed 

heai On cold h2''" resulting fror, lights, processes, and body 

a ' ;i,rum 5f ?^e^h ^iJ h""""^ ^'""'^^ introduction of onlv 
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2. Install automatic temperature control valves on radtator s> 

A. Gymna s i urn/ Audi tori um 

It is essential that automatic temperature .control be established 
in these spaces because the auditorium may be in use when the gymna:>ium 
is not and vice versa. At present, however, both spaces are heated at 
the same time. Thi$ problem could be solved by the installation of 
electrically or pneumatically operated valves on each radiator, controlled 
by a separate thermostat in the respective space. 

^ As previously noted, four sets of radiators in the gymnasium are 
disconnected. It is assumed that they were disconnected. because of the 
overheating problem. They should be recon^t^:' so that the additional 
radiation will permit quick warm-up just bef^^^-. the gymnasium is to be 
occupied. This would reduce building heat losses t^«^ause the space would 
be heated for a shorter period of time. 

B. Hallways, Corridors, Stairwells and Auxiliary Space 

These spaces could be maintained at 60**F both day and night. The ' 
radiators in these locations could be controlled by either the more 
expensive TOtorized valves or the self-activating type, which are self- 
contained, easy to install, inexpensive, and require no tie back to a 
master control system. The payback for these valves is less than one 
heating season. 

C. Classroom Radiators 

The classrooms with two exposed walls have a radiator in addition 
to the unit ventilator to provide additional heat. The temperature 
control for these radiators must be tied into th;? unit ventilation cycle 
previously described. . , . . 

D. Office Radiators 

These radiators should be controlled by automatic radiator valves 
and thermostats in the respective spaces, 

3. Install night and weekend temperature set ba ck. 

The high school offers a good opportunity to conserve heat by 
automatically reducing the heat at night and during the weekend v/hen 
classes are noc in session. It is estimated that the school is fully 
used only 25 percent of the time and should be heated to GS^'F only 
during this time. At other times the temperature should be reduced to 
55T. It is understood that at the present tine the boilers are cut 
back by the operator after school hours. 
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reduce tSp Sp^Pn setback with a 7 day timer should be installed to 

seoa^ate cnJ^ril o/'k*''"'*'- designed to provide for 

flSo? leve? bJ ?nn ^""k"^' '''^1^°'^^' Cafeteria, pool, and each 
be heatid whPn L ^ described, only specified areas would 

^Lif^ ! ^" "^^^^ '■est of the building could renain at the 

cooler temperature when unoccupied. '^"^ 

Install an optimum heat st arter. 

h.rk ^thf'^ci^I"" H'! 1'"^^!: "^'3^^ weekend temperature set 

?hSVnJ?rM °P^^''""'" ^'"t Starter. The addition of 

the ou?Jf5p\p '^"^^'^^■"9 ^'eat to be turned on according to 

the hea ?ater'"?n'?Jp'"'- -"''^^ '^^ "^^'^ °" ^^^^^ "y starting 

pJrlJprVn In moming; on colder days the heat would, be started 

earlier to ensure that the temperature rose to d comfortable occupancy level 

TH^dT^T FTlp^ ^ ^^^ -^^- "•■•"^•"g- "^°>-e efficie jit, 

run nn'"Jl!r/""-'"^" realized by replacing the existing rotary 

cup oil burners with modern air atomized oil burners. The oil burner 
industry projects a minimum of about 15 percent savings in fuel consumotinn 

of 0 's"';S'lp'n-'f%^'" '''' ^'"'^ °' fs in hi p 0 eSs 

of pass.ng legislation to require the replacement of rotary cup oil burners. 

Install turbulators in the boiler fire tubes . 

The installation of these unique baffles in the fire tubes could 
result in savings in fuel consumption of up to 15 percent. 

Connect cafeteria unit ventilators to the master control systen . 

tho n?nK?/^'"^^^ ^^^^^^ instilled for the cafeteria when 

the night/weekend temperature set back is installed. 

Repair steam distribution equipment . 

The steam valves and condensate pumps should be repaired and restored 
to good operating order. The repair of the valves would make possible 
the isolation of boilers when they are not needed for heating. Isolation 
hn,-w prevents heated water from being transferred to the standby 

?h2 ^k''k^.^^^ allowing heat to radiate from the surfaces of 

the standby boiler and escape up the smokestack. 
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The estimated cost of implementing the recommendations is $95,000, This 
figure should be used for preliminary budgeting only. Final cost fiqures can 
be accurately determined only after the specifications for the retrofit program 
have been prepared. Table 1 is an outline of the estimated cost and recovery 
periods that can be anticipated, based on the experience of the heating and 
ventilating industry with other similar retrofit programs. The determination 
of the years required to recover the investment is based on an annual consump- 
tion of 88,000 gallons of fuel and an annual 8 percent inflationary increase 
in the price of oil. 



TABLE 1 

ESTIMATED RETROFIT COSTS, FUEL SAVINGS, AND. PAYBACK 



Recommendation^ 


Cost,$ 


Fuel 
savings," 


Payback, 
yrs 


Annual 
savings^ 


Retrofit classroom ventila- 










tors, include economy cycle. 








7500 


add automatic control valves 


32,000 


15 


4.25 


Install night/weekend set back. 








5750 


optimum time start, new controls 


12,000 


15 


2.10 


.Install new oil burners 


38,000 


15 


6.70 


5700 


Install turbulators 


6,500 


11 


1.50 


4300 


Repair steam distribution 










system 


7.500'' 








Total estimated cost 


95,000 









^ The payback period is estimated by following the recomnendations as pre- 
sented. Slightly different values would be obtained if it were decided 
to implement the replacement of the burners as the first item. 
It is difficult to assess savings, but the system must be repaired in order 
to operate effectively. 

c During payback period. 
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ROOF MOISTURE INSPECTION 
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INTRODUCTION 



Host large buildings are constructed with flat roofs. Because of roof 
design and construction deficiencies, improper drainage always creates prob- 
lems, ftoisture that permeates the roof membrane is usually absorbed by the 
nonngid insulation underneath and retained. When this occurs the insulation 
loses Its insulating characteristics and excess heat is lost through the roof. 
If the insulatiofv beccmies saturated the excess water will find its wav through 
the roof deck and begin leaking into the interior of the building. The exact 
location of the leak will not necessarily coincide with the location of 
wet insulation. 

It is extremely difficult to pinpoint the location of wet insulation 
under a roof membrane. Cores can be taken frcxn the roof for visual inspection; 
but, without a previous knowledge of where to extract the cores, the wet or 
deteriorated insulation may or may not be found. 

If an infrared camera system is used after sundown to inspect the roof, 
locations of deteriorated insulation under the membrane can be detected. 
Solar heat warms the roof during the day. After sundown the roof areas with 
wet insulation lose heat more slowly than the dry areas because of the capac- 
ity of moisture to retain heat. Consequently, the iocations denoting the 
presence of moisture or moisture laden insulation appear as bright areas on the 
TV monitor of an infrared camera system. The operator of the system can then 
direct personnel on the roof to outline these bright areas with paint. During 
the day a roofing contractor can cut into the roof and extract cores from the 
outlined suspect areas. 

Our experience to date indicates that the infrared camera system is 
capable of detecting evidence of moisture under a roof membrane months after 
moisture has disappeared. This information can be used by building managers 
to assisl them in locating the source of future leaks, should they occur. 
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ANALYSIS 



Thermographic inspection date May 15, 1973 

Thermographic inspection time 2030 hours 

Roof deck material .o^^^^^g 
Insulation type applicable 
Insulation thickness q 

Roof area " -57 1 01 j:^ 

37,131 sq ft 

Insulated/uninsulated area 00c ^„ 

of deterioration ^ ^ 

Insulated/uninsulated area 1 
of deterioration, Z 

Comments 

The thermographic inspection indicated the presence of seven relatively 
^^iLno J'"^^ slightly larger locations- of potential" water entry under the 
membrane. Cores were taken from the three larger locations Evidence of 
water penetration was found in an area approximately 20 sq ft at the north- 
west corner of the north section of the building. There is evidence of 
extensive patching of the membrane at this location. Evidence of water 
Tho^^I?^c°^"!^^°l"'^ northwest corner of the auditorium stage roof. 

The felts at this location were badly wrinkled and deteriorated. Evidence 
of water entry was also found in an area about 200 sq ft on the roof over 
:?Hn'c!"ri"^ "^5'"' ^^f^ not marked, but it includes a five foot 

VInofh I^k'^^"'^!"^ I'""'" northeast section to a point abou* haff the 
length of the roof and then in a five foot wide strip across the wiath to 
the west side of^the roof. There is evidence of extensive patching near the 
hatch on the west side of the roof. 1-^"'"^ ne<ir tne 

f,-nn A^'^ corrective action is required since the amount of membrane deteriora 
tion due to water entry is less than 1 percent of the total roof area. 
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